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2344606 

WELLBORE CASING 
Cross Reference To Related Applications 

This application claim* the benefit of the filing date of ILS. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.8, 
filed on 12/7/1998, the disclosure of which ia incorporated herein by reference. 
Background of the Invention 
This invention relates genera^ to weDbore casings, and in particular to 
weHbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of driffing fluid into the 

formation into the borehole. The borehole is drilled in inter^ whereby a casing 
whichis to be installed in a tower boretote interval^ 

installed casing of an upper borehole interval As a consequence of this procedure 
10 the casing of the lower interval is of smaller diameter th^m the casing of the upper 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the casings and the borehole wan to seal the casings ft* 
wall As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the weUbore. Such a large borehole 
diameter Involves increased coeta du» to heavy «mmg handling equipment, Inrgft 
drill bits and increased volumes of driDing fluid and drill cuttings Moreover, 
increased drilling rig time is in volved due to required cement pumping, cement 
hardening, required equipment changes dne to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weDbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing ia provided that includes instaffing a tutelar liner 



in the borehole, injectingfluidk material into the borehole, and radially expanding 
the liner in the borehole by extruding the liner off of the mandrel 

According to ftTKrtb?r aspect of the present invention, a method of forming 
a weUbore casing is provided that includes drilling out a new section of the 

S borehole adjacent to the already existing casing 
then placed into the new section of the borehote with the tubular 1m 
an already existing casing. A hardenable fluidic sealing material is injected into 
an nrmntor region between the tubular liner and the new section of the bor ehole . 
Hie annular region between the tubular liner and the new section of the borehole 

10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandrel A nan hardenable fluidk material is then injected into the interior 
region of the tubular liner below the mandrel The tubular hner is extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
fffigmg is sealed. The tubular liner is supported by overlap with the already 

16 existing casing . The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already exis t ing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material is removed from the interior of the tubular hner. The r emaining portions 
of the fluidic hardenable fluidic sealing material are cured. At least a portion of 

20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includ e s a support member, a 
mandrel a tubular member, and a shoe. The support member includes a first fluid 
pa s sa g e The mandrel is coupled to the support member and includes a second 

26 fluid passage. The tubular member is coupled to The shoe is coupled 

to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
ffrp wndi^ g a tubular member is provided that includes a support member, an 

30 errmndanto mandrel a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the mppnrt mrnihw m*<j\ i ncl udes a third fluid pgggfgo The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements, The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an crater diameter of tte 
member, is provided that includes portioning a mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tabular member Is preaa m 

the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
15 at an end portion of the annular member, and one or more pressure relief passages 
at an end portion of the annular membe r. 

According to another aspect of the present invention, a wellbore casing is 
provided that inc ludes a tubular liner and an «m™i«T body of a cured fluidic 
sealing material. The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandrel 

According to another aspect of the present invention, a tie-back liner for 
lining an existing weflbore caa^ 

annular body of cured fhridir wealing material The tubular liner is formed by the 
process of extruding the tubular Kner off of a mandreL The annular body of a 

25 cured fluidic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular niember and a shoe. Hie support member includes a finrtfluid 
passage. The mandrel is coupled to the support member . The mandrel includes 

30 a second fluid passage operahry coupled to the first fluid passage, an interior 
portion, and m exterior portion. The interim portion rf 
The tabular mimiberta The shoe is coupled to the tabular 
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member. The shoe includes a third fluid passage operably coaled to the second 
fluid passage, fin interior portion, and an exterior portion. The interior portion of 
the shoe is drillable. 
Brief Description of the Drawings 
5 FIG. lis a fragmentary cross-sectional view ilhistrating the drilling of anew 

section of a well borehole. 

FIG* 2 is a fragmentary cross-sectional view illustrating the placemen t of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG, 3 is a fragmentary cross-sectional view illustrating the injection of a 

first quantity of a hardenable fluidic sealing material into the new section of the 
weU borehole. 

FIG. 3a is another fragmentary cross-sectional view illustrating the injection 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole, 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an enibodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a croea-aectional fflustratkm of a wcllbare mrhnfing a pa^ 0 f 
adjacent overlapping caszzxgBL 

FIG. 10b is a cross-eectional iUostration of an apparatus and method for 
creating a tie-back liner using an expandable *" V *F g r member 
5 FIG. 10c is a croaa-flfrtimift I illustration of the pumping of a fhndic sealing 

material into the annular region between the tubular member and the existing 
casing 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior 
of the tubular member below tbemandreL 
10 FIG. lOeiaa cross-sectional fflnatratam of the extrusion of the tubular 
member off of the mandreL 

FIG. lOf iaa croaa-eectiaiial fflnstratfan of the tie4)ack liner HWiiiT. g 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
15 created using an expandable tubular member 

FIG. 11a is a fragmentary croes-aectioxudvOT 
new section of a well borehole. 

FIG, lib is a fragmentary cross-arsons! viewfflugfratingthfl plmymynt of 
an embodiment of an apparatus for hanginga tubular liner wtthmtto 
20 of the well borehole. 

FIG. He is a fr a g ment a r y cro aa eactkmal view illustrating the injection of 
a first quanta of a hardenable fluidir frstirtgrnfttarial into the new section of the 
well borehole. 

FIG. lid is a fragmentary cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of the well borehole. 

HQ. He is a fr agment a ry croaa sectional view flfastrating the injection of 
asecondquanthfrofa haTdmiffhta 
the well borehole. 

FIG. llf is a fr a g ment a ry cross-aectional view Plnstrating the ffmptetion 
30 of the tubular liner. 



Detailed Description of the IDuetntive Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. Hie apparatus and method permits a 
wellbore casing to be farmed in a subterranean formation by placing a tabular 
5 member and a mandrel in a new section of 8 wellbore, and then ertniding the 
tabular member off of the mandrel by pressurising an interior portion of the 
tubular member, lie apparatus and method farther permits acescent tubular 
members in the wellbore to be joined using an over lapping joint that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported by an existing tubular member by e xpandin g the new 
tubular T"gmhgr into engagement with the existing tubular member. The 
apparatus and method farther n)t«fan<«* the reduction in the hole sire of the 
wellbore casing necessitated by the addition of new sections of wellbore casing 
An apparatus and method for forming a tie«back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel i^pressurixmg 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method farther permits actfacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method farther permita a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
m emb er into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member ia also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the mterior portions of the apparatus is composed of materials that 
permit the mterior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellboie is also provided. The apparatus and method permit a tubular liner to be 
at tached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general. 



Referring initially to Figs. 1-5, on embodiment of an apparatus and method 
for forming a weHbore casing within a subterranean formation will now be 
described. As flhirtra ted in Fig. 1, a wellbore 1 00 is positioned in a sab terranean 
formation 105. The weDbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the weHbore 100 into the subterranean formation 105, 
a drill string 125 is need in a well known manner to drill out material from the 
subterranean formation 105 to form anew section ISO. 

As illustrated in Rg. 2, an apparatus 200 forfbrmingaweUborecadngin 
10 asubteiraxxeanfarmat^ 

100. The apparatus 200 preferably mrJnHn* mn mrpmr^AM^ ™ f rrr pfe gps a 
tubular member 210, a shoe 215, a lower cup seal 220, an upper cup seal 225, a 
fluid passage 230, a fluid passage 235, a flnM passage 240, seals 245, andasupport 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The e xpand a b le mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially anmiUblA expandable ™>"drris i^sffad in 
accordance with the teachings of the present disclosure. In a preferred 
20 embodiment, the expandable m^ 

disclosed in UJS. Patent No. 5,348,095, the contents of whkh are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

TheUibular member 2 10 is supported by thaexpandabk mandrel 205. The 
26 tubular member 210 is expanded in the radial direction and extrude off 
expandable mandrel 205. The tubular member 210 
number of convention 

Oilfield Country Tubular Goods (OCTG), 13 chromium steel tubingfcasmg, or 
plastic tubing/casing. In a preferred emlxxhment, the tubular member 210 is 
80 fabricated from OCTG in order to The inner 

and outer diameters of the tubular member 210 may range, for example, from 
approximation to47iwa» In a preferred 



embodiment, the inner and outer diameters of the tubular member 210 range from 
about 3 to 16.5 inches and 3*5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tqfailyr member 210 preferably comprises a solid member. 
5 Tn ft prefer™* ATnhndrmpn^ thft end portion 260 of the tabular member 210 

is slotted, perfon^ed, or otherwise mooUfied to catch or slow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tabular member 210 is limited to minimize the 
possibility of buckling. For typical tabular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional coinmeraaUy available shoes such as, for 

15 example, Super Seal n float shoe, Super Seal HDownJet float sh<>e or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present diacbsure. In a preferred embodiment, the shoe 216 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug av ailable from Halliburton Energy Services in Dallas, TX, modifi ed in 

20 accordance with the teachingsof the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tabu lar members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 215 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fluid! c sealingmaterial into the 
region outside the shoe 215 and tubular member 210. In a preferred embodiment, 
the shoe 216 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a baUBeaHng mem In this manner, the fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 
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Tbe lower cup seal 220 is coupled to and supported by the support member 
260. The tower cup seal 220 prevents farrfgn matarialg *rotn entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 compriseeaSIP cap eeal, av ailab le 
from Halliburton Energy Services m Dallas, TXm 
material and contain a body of lubricant. 
10 The upper cup seal 225 is coupled to and supported!^ the support member 
250. The upper cup seal 225 prwvm^ 

region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conven t io n al commercially available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
15 disc lo sure, fa a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available from Halliburton Energy Services in Dallas, TXin order to optimally 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandrel205. The fluid passage 230 is preferabry portioned along a centerfina of 
the apparatus 200. 
25 The fhiid passage 230 is prefera^ 

operation, to transport materials such as drilling mnd or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
pai in order to minimise drag on the tubular member bang run and to minimize 
surge pressures exerted on the wellborewhidiconWcausBalossofwdlborefl^ 
30 and lead to hole collapse. 

The fluid passage 235 permits fluidic materials to be released from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 
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new section 130 of the wellbore 100, fluidic Tnwtf"»i« 255 farced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby minimizing surge pressures on the weUbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidkly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to cxmtrollablyininimixe surge pressures. The 
fluid passage 235 is preferably positioned substantiaDy orthogonal to the centoi^ 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey Quidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gallonalminute and 0 to 
9,000 pal in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to mrnimir* surge pressures on the 

15 new wellbore section ISO. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
co mmunicatio n with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 240 
to thereto block farther passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidkly isolated from the region exterior to the tubular member 2 10. This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxiee at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a baH sealing 

In this manner, the fluid passage 240 can beaealedoffby intnxhid2igaplu& dart 

and/or ball sealing dements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. Theseals 246 are further positi^ 
of the end portion 260 of the tubular member 210. Tne seals 246 permit the 
overlapping joint between the end portion 270 of the casing 116 and the portion 
260ofthetabnlarmember210to The seals 245 may comprise 

any number of conventional commercial^ available seals such as, for examp le, 
10 lead, rubber , Teflon, or epogr seals modified in accordance with th« tea things of 
the present disclosure. In a preferred embodiment^ the seals 246 are molded from 
Stratalo<±epo^ available^ 

to optimally provide a load bearing interference fit between the 
tubular member 210 and the end 270 of the existing casing 115. 
15 In a prefers embodiment, the 

asuflldent Actional force to support the e^wnded tubular member 
existing casing 115. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 
20 The support member 250 i« ermplpd to th» ~p«tvJ«m q ^a^^ ] gpg tubular 

member 210, shoe 216, and seals 220 and 226. The support member 250 
preferably comprises an annular member havingsufiWentstrength to carry the 
apparatus 200 into the new section ISO of the weHbore 100. In a preferred 
embodiment, the support member 250 further includes one or more conventional 
25 centraiizers (not illustrated) to help stabilise the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 2 76 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In this manner, the eztniskm of the tub^ 
of the expandable mandrel 205 is facilitated. The lubricant 275 may comprise any 
30 number of conventional commercially available lubricants such as, Tor example, 
Lubriplnte, rhlmTne based mbricants. ofl baaed mbrfamfainr PH™^ i *np A^tim^TfT 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 



Antisiexe (3100) available firom Climax T abricanta and Equipment Co. in Houston, 
IX in order to optimally provide optimum lubrication to facQiate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to aftfl ffmhfr to the * pwn™fag pnrbona of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimised. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 200. 

In a preferred fm W™'* , before <w after p wntSn ning the apparatus 200 
10 within the new section 130 of the wellbore 100, a couple of wellbore volumes are 
circulated in order to ensure thai no foreign materials are located within the 
weDbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ctibtut no fo ri ™«*»r-ml interferes with the mpmirin n 
process. 

15 As illustrated in Fig. S f the fluid passage 235 is then closed and a hardenable 
fluidic ma terial 305 is t hf™ pumped from a surface location into the fluid 

passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 3 10 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 thai exits the apparatus 200 and fills the annular region 
815 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 316 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallontfmin, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sixes, weDbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
p umped The optimmnflowrate and operating pressure are 

30 using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag 1 mix, cement or epoxy. In a preferred embodiment, the 
hardenahie fluidic sealing material 305 compriaeg a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services m Dallas, TCm order to 
5 whfla also mamtainiTig optimum flow characteristics so as to lnmimige difficulties 
during the di splftcenwn t of cement in the ammlar region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods 

The annular regian S15 preferably is filled with the material 305 in 
10 sufficient quantities to enmre tlml, upon rurtinl »rpm ^ nfffo tnbulnr member 
210, the axmular regian 815 of the new aec^ 
with material 305. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the crater diameter of the tabular xne^ 
15 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions m Furthermore, in 

this manner, the initiation of the radial «p*mji<m 0 f the tubular member 210 
during the extrusion process is optimally facilitated 

As illustrated in Fig. 4 y once the annular region 316 has been adequately 
20 m^withmatorial305,apm 

fluid passage 240 thereby flmdfcty isolating the interior region 310 from the 
annular region 315. In a pref erred embodiment, a non-hardenable fluidic material 
306 is then pumped into the interior regian 310 causing the interior regian to 
pressurise. In this manner, the interior of the expanded tubular member 210 will 
25 not contain s i gnificant a mo unts of cored material 305. This reduces and simplifies 
the coat of the entire process. Alternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes sufficiency pressurised, the tubular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, the expandable mandrel 205 m^ 

the tabular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at ar^ 
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member 210 is «t ^t ^ in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
the dtTugion prmrm w awr™*™*** ™ fh the tabular member 210 positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner . The plug 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 sealing material 80S rhnn the non hantenahla floJdk material 306. 

The plug 405 may comprise any number of cuii wc utton al commercially 
available devices from plugging a fluid passage such as, for example , Multiple Stage 
Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teac hings of the present disclosure. In 
15 a preferred embodiment, the plug 405 comprises a MSG latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, anon hardenable 
Huidic material 306 is preferably 

and flow rates ranging, for example, from approximately 4M 
20 to 4,000 gallona/min. In this manner, the amount of hardenab le fluidic sealing 
material within t he interior 310 of the tubular member 210 is TntnlmlTfd In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging finim approximately to 9,000 pa 
25 3,000 gaUonaftnin in order to maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process, These effects will be depend upon the geometry of the 
expansion mandrel 205 , the material composte 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular meiito 

of the tubular member 210. In general, the thicker the wall thidmess, the smaller 
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the inner diameter, and the greater the jieMstTBi^oftbfi tubular mexiiber 210, 
then the greater the operating 
210 off of the mandrel 205. 

For typical tubular members 210, the extniaion of the tabular member 210 
5 offoftheexpina^leina^ 
310 reaches, for example, approximate^ 600 to 9,000 pel 

Daring the extrusion process, the expaiidable maiidrel 206 may be raisrf 
out of the expanded portion of the tabular member 210 at rates ranging, for 
exainple,fromabout0to6ft/8ea Inaprefernriembodm 
10 process, the rxp i md ab to 

tabular member 210 at rates «ighigfiOTabout0to2ftAecinorderto 

the time required for the expamricn process while also permitting easy control of 

the expansion process. 

Whan the end portion 260 of the tubular member 210 is intruded offof the 
16 ex pandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 ofthe casing 115 to fbm an The contact 

pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 pat In a preferred embodiment, the contact pressure of the overlapping 
20 joint ranges from lumrrnrimatety 

pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial motion to accommodate typical tensile and compressive loads. 



the flection 285 of the expanded tabular member210pielenU^providesagaBeous 
26 and fhndic seal Inaparticniarh preferred embc>diment ^ ^Bn^ ^^g 

optimally provide a fluidic and gaaecmsaealm the overlapping joint. 

Ina preferred embodiment, the operatfag pressure and fW rate of tbenra 

hardmwhlp fhiidtc material 3()6 tocontrollably ramneddown wh«»n *h, -rp^^KU, 

mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 nianner, the sudden release of pressure can^ 

tubular niember210 off of the ex Jn& 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

5 Alternatively, or mconibmatro^ 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
Hie shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in weUbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tabular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the weUbore 100. In a preferred embodiment, either beforeorafter 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 116 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
thon yny uTitnrrpd portion nf the material 305 within the expanded tubular member 
20 210 is then removed in a conventional m 

uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the weUbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the ayvmilirr region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remauiing cui^ material 305 with^ 
the interior of the expanded tubular member 210 is then removed in a 
conventional mnnnpr using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a prefened embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tabular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, tteoveriapping joint between the 
lower portion 270 of the casing 116 and the upper portion 260 of the tubular 
6 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular membv^ 

In a preferred embodiment, the sealing members 605 are seated wi thin 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 membere 605 are bonded or molded on^ 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
holes reduce the operating pressu 

the tubular member 210. This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in velocity in turn ininhnires the mechanical shock to the 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 far forming a casing within a weUbore preferably includes an 
20 expan d able mandrel or pig 705, an — pmdpM* mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup seal 730, 
a fluid passage 735, a fluid passage 740, a sui^member745 > abodyoftabricant 
750, an overshot connection 765, another support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 is coupled to and supported by the support 

member 745. The expandable mandrel 706 is farther coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllabfy expand in a radial direction. The expandable mandrel 706 may 
comprise any number of conventional commercial^ available expandable mandrels 

30 modified inaccordance with tte In a preferred 

embodiment, the expandable mandrel 705 comprises a hydraulic expansion tool 
substantially as disclosed in UA Pat No. 6^48,095, the contents of which are 
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incorporated herein by reference , modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is farther coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods* stainless steel, titanium or 
high strength steels. In a pr e fer red embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from winch the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tabular material having a thinner wall 
thi>V™f^ than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weflbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a pr e fer red embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly pr e f erred embodiment, the tubular 
member 715 has a substantially circular annular cross- section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810 v and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tabular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined hy thA Tfyirm hpgiimi^g ™ the vicinity of the top of the mandrel 
container 710 end ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicmity of the mandrel 705 and ending at the bottom 825 of the 
6 tubular member 715. 

In a preferred emhoctiTnrnt, the wall thidmesa of the upper section 805 of 
the tubular member 715 ia greater thun thm ™U tti^Vnpy^ ^^intermediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
faciliata the initiation 
10 700 to be positioned in locations in the weDbare having tight clearances* 

The outer diameter and wall thickness of ^ upjwr section 805 of ^ 
tubular member 716 may range, for exainpl^fi^ about LOS to 48 inches and 1/B 
to 2 inches, r espec ti vely. In a preferred embodiment, the outer diame ter and wall 
thickness of the upper section 805 of the tubular member 7 15 range from about 3.5 
15 to 16 inches and 3/8 to 1.5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2«5 to 50 inches and 1/16 
to 1.5 inches, respectively. In a p re ferred embodiment, the outer diameter and 
wall t hicknes s of the intermediate section 810 of the tubular member 715 range 
20 from about 3.5 to 19 inchea and 178 to 1J25 indies, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for example, from about 2*5 to 50 inches and 1/16 
to 1.25 inches, respectively. In a pf«fwwwi embodiment, diameter mti 

wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 125 inches, respectively. In a particularly 
preferred embodiment the wall thickness of the lower section 815 of the tubular 
member 715 is further increased to increase the strength of the shoe 720 when 
drillable materials such as, for <rr»T"ple, ahnninum are used. 

The tubular member 715 p^ In 
SO a preferred embodiment, the end portion 8M 

perforated, or otherwise modified to catch or alow down the mandrel 705 when it 
completes the extrusion of tubular member 715. In a preferred embodiment, the 
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length of the tubular member 715 is limited to minimize the possibility ofbuddmg- 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20 ,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further induded an inlet passage 830, and one or more 
jet ports 835. In a particularly preferred embodiment, the cross-sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
element*, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of solid lraterial 840 for increasing the strength of the 
shoe 720. In a partialis riy preferred embodiment, the body of soHd material 840 
comp rises al m ohmm ■ 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum do wn-j et guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TO, modified in 
accordance with the fr»i«Thfrgp of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the wellbore, optimize the seal between the 
tubular member 716 and an existing wellbore casixig, and to optimally fietciliate the 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 705. The tower 
cup seal 725 may comprise any number of conventio nal commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a prefer r ed 
embodiment, the lower cup seal 726 comprises a STP cup, available from 

30 Halliburton Energy Services in Dallas, TO 
barrier and hold a body of lubricant 



The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conv entional commer cially available cud seals mch ««, for examp le, TP 
6 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings ofthe present disclosure. Inapreferred embodiment, the upper nip seal 
730 comprises a SIP cup available from HaJlibtu^ Energy Services in Dallas, TX 
in order to optimally provide a debris barrier and contain a body of lubricant. 
The fluid passage 735 permits flnidic materials to ha transported to and 
10 from the interior region of lie tubular me^ 

705. The fluid passage 735 is fmidich^orapledto theOuidpessage 740. The fluid 
paasage 735 ia preferably coupled to and positioned witlm 
760. the support member 745, the mandrel container 710, and the expandable 
niandrel705. The fluid passage 735 preferably extends from a position adjacent 
15 to the surface to the bottom of the expandable mandrel 705. The fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 40 to 3,000 gallrtnaMimnt/. 
and 500 to 9,000 pei in order to provide sufficient operating pressures to extrude 
20 the tubular member 716 off of the expandable mandrel 706. 

Aa described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a weUbore, fhiidic materials forced up the 
fluid passage 735 can be released into toe wellbore above the tobularniember 716. 
In a preferred embodiment, the apparatus 700 further includes a pressure release 
26 passage that is a»upled to and pod The 
pressure release passage is further!^ The 
pressure release passage preferably includes a control valve for eontraUably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activatedmorder to The 
30 pressure release passage is preferably posftioned substantia to the 

centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such aa cement driDingmud or epoades ex flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion in to a new section 
of a wellbare and to minimise surge pressures on the new weDbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 716. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other frfmfUr device, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby block flutter passage of fluidic materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fluidity isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 7 1 5 be low the expandab le 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey ma terials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gHllons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section ofawdlbore with fluidic materials* In a preferred embodiment, the fluid 
passage 740 inchidea an inlet passage 830 having a geometry that can receive a 
dart and/or a hall sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a phig, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a p i yfrr i H rr»**vtt™»nfc *h« apparatus 700 farther inchidea one or more 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are farther positioned on an outer surface of the end portion 
820 of the tubular member 716. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidity sealed The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the t e a chings of the 

-22- 



present disclosure. In a preferred embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearin g 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existing casing with optimal load bearing cap 
715. 

In a preferred embodiment, the sesJa 845 are se^ 
frictions! force to support the expanded tabular member 715 from the gristing 
casing. In a preferred embodiment, the frictions! force provided by the seals 846 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expanded tubular me m b er 716 

The support member 746 is preferaMy coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

16 700intoanewsectionofawellbore. llie support member 745 may 

number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment , the support member 745 comprises convimtmnal drill pip* wv iri?iih l» 

20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular niember 715. In thin manner, the extrusion of the tabular member 715 
off of the expandable mandrel 70S is facilitated. The lubricant 705 may comprise 

25 any number of conventional commercially available lubricants such as, for 
egimplf, Lubriplate, chlorine based lubricants, oil based lubricants, or Climax 
1500 Antisiexe (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antisieze (3100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide hibrication to fkdliate the extrusion 

30 process. 

The overshot connection 755 is coupled to the mppt mgmhw 745 ftn A th* 
support member 760. The overshot connection 755 preferably permits the support 
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member 745 to be removably coupled to the support member 760. Hie overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 pr eferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, IX 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 into a new section of a weHbore. The auppart member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipc» coiled tubing or other high strength tubulars 
modi^inaccoitiancewitht^ In a preferred 

15 embodiment, the support member 760 comprises a conventional drill pipe available 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabiliser 765 also preferably stabilises the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or dragbtocks modified in accordance with the teachings 

25 of the present disclosure. In a preferred embodiment, the stabilizer 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In this manner, the ^traduction of foreign 

is minimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the appsratus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a weDbore, a couple of weDbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the weUbore that might dog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with to 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with referent 
a weUbore. 
10 AsfflnstratedmFig.^^ 
aud apparatus described 

by forming a tubular liner 810 inside of the existing weUbore nming 805. In a 
preferred embodiment, an outer annular lining of cement is not provided fa the 
repaired section. In the altern a t i ve preferred emhoriiment, any number of fluidic 

15 materials can be used to eapandtte 

the damaged section of the weDbore casing such as, far example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends of the tubular m 
to optimally provide a fluidic seaL In an alternative preferred einbodiment, the 

20 tubular liner 810 is formed within a Wi«*n*-Hy r**tlfrnifrd piprtipe section, ouch 
as those used to transport nydiocarbonaor water, wittfte 
in an overlapping relationflhip with the adjacent pipeline section. In this manner , 
underground pipelines can be repaired withinit hai^to digout and replace the 
damaged sections. 

25 In another alternativB preferred enibodiment, the method and apparatus 
described hffl*to is used tod Ina 
preferred embodiment, an outer aamular lining of cement is not provided between 
the tubular Kni*8M la the alternative preferred embodiment, 

any number of fluidic materials can be used to expand thu tnhn\m+ am ^ 

30 intimate contact with the weUbore such as. for example, cement, apr^y g « c mfr 
or drilling mud. 
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandable tubular 
member 902, a support niemb^ 

908. In a preferred ^mW^hnfmt, the dgrign and construction of the mandr el 906 
5 and shoe 908 permits easy removal erf those elements by dri^ 
manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular member 902 preferably includes an upper portion 
910, an mtexmediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, the tubular member 90^ 

906 by pressurising an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular cross~6ectian. 

In a particularly preferred embodiment, an eapandabb tubular mgniber 915 
is coupled to the upper portion 9 10 of the expandable tubular m e mb er 902. During 
15 operation of the apparatus 900, the tubular member 916 is p^aferabty 

TnoWl^l QOfi hv pr^nirmng the interior region 966 of the tubular member 
902. The tubular member 915 pref erahly has a substantially an nular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of the tubular member 902, 
20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oQfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 916 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mechanical properties as the tubular member 902. 
25 In a particularly preferred embodmient, the tubular mem 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
jypw^irT^ly th« mm* yield properties as the tubular member 902. The tubular 
member 915 may comprise a plurality of tubular members coupled end to end. 
In a preferred embodiment, the upper end portion of the tubular member 
30 915 includes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section of weltoore casing. 
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In a preferred embodiment, the combined length of the tabular members 
902 and 916 are Knitted to minimize the possibility ofbiickHng. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular 

the shoe 908 by a threaded coimection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available materials such as, for example, oilfield 
tubular*, km alloy steals, tita^ In a preferred embodiment, 

the toliuJar member 902 iafamTcatrf ft^ aOn^tnbnlara in order fa» optimally 
provide approximately the mmfl merh anient properties as the tubular member 915. 
In a particularly preferred embodmient, the tubular msn^ 
15 point ranging from about 40,000 to 136,000 psi in order to optimally provide 
approximately the same yield properties as the tubular membe r 915. 

TbB wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 9 14 of the tubular member 902 may range, for Tnrmpl^ from about 1/16 to 1 .6 
inches. In a preferred embodiment, the wall th^ir™^ of the upper, fatermediate, 
20 and lower portions, 910, 912 and 914 of tn^ 

1/8 to 1,25 in order to optimally provide w»tt thy y^? ^ fh^j Prf » about the same as 
the tubular member 915. In a preferred einbodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diameter of the upper, intermediate, and lower portions, 910, 912 
and 014 of the tubular member 902 may range, for example, from about LOS to 48 
inches. In a preferred emhodim ent, the outer diameter of the upper , intermediate, 
and lower iwrtfons, 910, 912 and 914 of the tabular member 902 r 
30 3 % to 19 inches in order to optimally provide the ability to expand the most 
commonly mad oilfield ^H^laro 
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The leng th of the frib ^i^y member 902 is preferably limited to between 
about 2 to 6 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 

5 commeraally available tubular members modified m accordance with to 
of the present disclosure. In a preferred embodiment, the tubular member 902 
Oilfield Hmmtry Tnhulmr Goods available from various U.S. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 present diiHfrff"™ in^ pmf e LP a dinnh n dlm mt , the tubular incmber 915 comprises 
Oilfield Country Tubular Goods available from various UA steel mfflii. 

The various elements of the tubular meniber 902 may be coxqJed using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular eleme n ts that are coupled end to 
end The various elements of the tubular member 9 16 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the varices 

20 elements rf the tubular member 915 are coupled using welding. Hie tubular 
member 915 may comprise a phiralitytf tubular d 

end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

25 The support member 904 preferably includes an innerstring adapter 918, 
a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 

30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 



embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

ThfifluMpafisagB918iapreforab^ 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 9 18 
is fluididy coupled to the fluid passage B52. In a prefeired embodiment, the fluid 
10 passage918 is used to convey haid^^ 
apparatus 900. Inapartfcnlarfr prefer^ 

include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 is positioned alnmg a tongitudinal ~m»^Tift *f 

16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 pre&rab^ is adapted 

20 within the tabular member 916. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance ***** teachings ftf tfrr 
present disclosure. In a preferred embodiment, the upper guide 920 comprisesan 
innerstring adapter available 

to optimally guide the apparatus 900 within the tubular member 9 16. 
26 The coupling 922 couples the sup The 
coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the suRpart member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
c onnections or machined from one piece. In a preferred embodiment, the various 
SO elements of the support member 904 are coupled using threaded connections 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, alower cone retainer 830, abod|y of cement 932, a lower guide 



934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cop 926 to coupled to the retainer 924| the hab ri catox mand^ 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entzy of 
&y~*£fx «U W/i th« Interior region 972 of the tubular member 902 below the 
rubber cup 926. Hie rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP caps or Selective 

16 Injection Packer (SEP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SEP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to 

20 the interlace between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
n umber of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1500 Antiaeize 
(3100). In a preferred embodiment, the hibricant comprises Climax 1500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally pTovite 

Th e expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment 
of the expansion cone 928 is prevented lytixe lower cone retamer 930, housing940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion come 928 preferably hs*a a faihcfam tiy ||y pti nular cross section, 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a pr e fe rred embodiment, the wall 
t hickness of the eipanaion cone 928 ranges from ab<mtO^ to 0J5 inches mender 
to optmaUy provide adequ^ The 
10 maximum and mminmm outride diameter* «rtha expansion cone asa^ny range, 
for example, from about 1 to 47 inches. In a p i« ft» -i embodiment, th* marimnm 
and niinimnm outside diameters of the expansion cone 928 range from about 3.5 
to 19 in order to optmia^provide expansion of generally available oilfield tubulars 
The f nrpan m on cone 928 may be fabricated from any number of conventional 
15 commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steeL In a preferred embodiment, the erosion cone 928 is fabricated 
from tool steel in order to optijnally provide high strength and flbraiami n*m g^nre 
The surface hardness of the outer surface ofthe expansion cone 928 may range, for 
example, from about «> Rockwell C to 70 Rockwell C. In a preferred embodiment, 
20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred ftmhndWnt the **p«™«rwi cone ig heat trcntod to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture tough nes s. 
25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing 940. In a pre f e r r e d embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section* 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commercially available materials such as, fer example, cer amic; tool 
steel, titanium or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 Is fabricated from tool steel in order to optimally provide high 
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str en gth and ahrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 68 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred eml^^ 

lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body In order to optimally provide abrasion r es i s tance and 
fracture toughness. 

In a preferred embodiment 
10 cone 928 are formed as an integral cm^ 

of components and increase the overall strength of the apparatus. Hie outer 
surface of the lower cone retainer 930 pr^Brab^nmtes with the inner surfeces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
15 The body of cement 932 provides an inner bearing stiucture for the mandrel 906. 
The bod> of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
K?me othyr drillable metallic, wwnpnmte, or aggregate material may be substituted 
for cement. Thebody of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940, 
26 Diiriiigoperatimi of the apparatus 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulara, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated from low alley steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a Rlirfrng fit 

The extension sleeve 936 is coupled to the lower guide 9Waiid the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably has a substantially flnn T il pr cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercial^ available materials such as, for example, oilfield 
tubulars, low alloy steel or stainless steel In a preferred embodiment, the 
10 extension sleeve 936 is ffcta 

highyieM strength. Theoutereurfkaofthee 

with the innersoriace of the tubular member 902 to provide a sliding fit. In a 
p r e fe rred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 

15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 962 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed 
surface through the fluid passages 918 and 952 into the fluid passage 962. 

20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 is fabricated from aluminum in 
order to optimally provide drillability. The end of the spacer 938 preferably mates 
25 with the end of the extension tube 960. In a preferred embedment, the spacer 
938 and the seahngsleeve 942 are formed as an integral one-piece 

Ai^flfuftw^yw order 

to reduce the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansio n cone 928, body of cement 932, and lower cone re tainer 930. During 
30 operation of the apparatus 900. the housing 940 preferably prevents inner radial 
motion of the expansio n cone 928. Preferabry, the housing 940 has a substantially 
annular cross-section. 



-S3- 



The housing 940 may be fabricated from any number of conventional 

nnypwnoiyinHy jmniinMA materials ntfh for example, o i l fie ld tubulars, low alloy 

steel or stainless sfceeL In a preferred embodiment, the housing 940 is fabricated 

from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 

are formed as an integral one-piece dement in order to minimise the number of 

components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 

940 includes one or more protrusions to facfliate the connection between the 
10 housing 940 and the body of cement 932 . 

The sealing sleeve 942 is coupled to the support member 904, the body of 

cement 932, the spacer 938, and the upper cone retainer944. During operation of 

the apparatus, the sealing sleeve 942 preferabty provides sup 

906. The sealmg sleeve 942 is preferably coupled to th^ 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 

cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, ahnninnm or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing sleeve 942 . 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes Q*»e or more protrusions to facfliate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to rninimii e the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial inot^ 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cart iron. In a preferred embodiment, the upper cone retainer 944 
ia fabricated from aluminum in order to optimally provide driHability of the upper 
5 cone retainer 944. 

In a particularly preferred embodiment, the upper cone ret^ 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment , the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-ehaped to provide increased rigidity and minimire the 
10 aixioxmtGfxnaterid 

Ine lubricator mandrel 9^ 
926, the upper cone retainer 944, the hibricator sleeve 948 9 and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the txxry of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tabular Preferably, the 

hibricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
ahminum or cast iron. In a preferred rnnhndimm^ th* tabrifator mandrel 916 io 
20 fabricate d from almninum in order to optimally provide drfllabflity of the 
lubricator mandrel 946, 

The lubricator sleeve 948 is coupled to the fabricator mandrel 946, the 
retainer 924, the rubber cup 926, the upper cone retainer 944, tte 
948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the robber cup 926. Preferably, the lubricator 
sleeve 948 has a substantially annular cross-section. 

The hibricator sleeve 948 may be fabricated from any number of 
conventional ccanmerciauy available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fabricated from aluminum in order to optimally provide disability of the 
lubricator sleeve 948. 



As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. Thelubricator sleeve 948in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred ernbodixnent, seals 949a and 949b are provided between the lubricator 
5 mandrel 946 , lubricator sleeve 948 , and rubber cup 92 6 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946. the retainer 924 , 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially annular cross-eection. 

The guide 950 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 960 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
16 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys hardenable Quidic 
materials In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 and flow rale ranging^m about 0 to 9,000 psiandO to 3 gaUons/min in order 
to optimally provide pressures and flow rates to displace 
the installation of the apparatus 900. 

The various dement s of the mandrel 906 may be coupled using any number 
of conventional process such as, for example, threaded connections, welded 
25 connectaonsorcementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled "sing threaded connections and cementing. 

The shoe 908 preferably includes a housing 954 , a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The housing 954 is coupled to the body of cement 956 and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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■hoe 908 to facilitate the extrusion and positioning of the tabular member 902, 
Preferably, the homing 954 has a «obstantially ammkr crosa-eection. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for ^ampio steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillability of the housing 954. 

In a narticulaily preferred embodiment,, the interior surface of tho housing 
954 includes one or more protrusions to 
of cement 956 and the housing 954* 
10 The body of cement iscoppl«t tn the hnmrfryflsi, and the tiling nlrrvr 

958. In a preferred -embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventional 

drilling TTmrViTnoq <m/j |n m.^jq w ff 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drfllable 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the bo^y of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in order to mject the haidenable fhiidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment^ during operation of the apparatus 900, the sealing sleeve 958 further 

25 includes an inlet geometry that permits a conventional phigor dart 974 to become 
lodged in the inlet of the sealing sleeve 958. In this manner, the fluid passage 962 
maybeblodralthen^fhri^^ 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
SO annular awsectian. The sealing sleeve 958 may be fabricated from anynnmber 
of conventional commercially available materials such as, for example, steel, 
ahxminnm or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. Daring operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hardenable flnidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fhiidkfyisolatm^ In 
apreffTml frmb ^K™* *^ ™* «*d of the fntmnaa tube 960 mates with one end of 
the spacer 938 in order to optimally fadliate tlie transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fahricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fahricated from aluminum in order to optimally provide drillability of the 
extension tube 960, 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, andoneormore outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials . In a 

25 preferred embodiment, the fluid passes 962 is porittonedabro 

the apparatus 900. In a particularry preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging fium about 0 to 9,000 pai ami 0 to 3,0M 
provide fluids at operationally efficient rates. 

30 Theoutletjeta 964 are coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900 , the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 inclndea a plurality of outlet jets 864. 

In a preferred embodiment, the outlet jets comprise pessa^ drilled in 
the housing 954 and the body of cement 956 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material In a preferred embodhnent, the various 
elements of the shoe 908 ere coupled using cement* 
10 In a preferred amhodhnwit the asaamhfr 000 i* operated n w«*itf nlfr ^ 
described above with 
wellbore ox to repafr a wellborn 

In particular, in order to extend a wettbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formation to form a new section 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 916. Ina 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped fni^ The 
hardenaMe fluidic sealing material than passes from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
26 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wan of the new section of the 
weObore. Continued mimnlng of tha h«rAmAh1« flmrKi* 0^1™^™^^] rtmopflthe 
material to nil up at least a portion of the «rmnfr r region. 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example, from about 0 to 
5,000 psi and 0 to 1,500 gallons/mm, respectively. In a prefeired embodiment, the 
hardenable fl uidic seaHngmaterial is pumped in t o the annular region at pressures 
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and flow rates that are designed far the specific weUbore section in order to 
optimize the displacemen t of the hardenable fhiidic BeaHng material white not 
creating high enoiighriixr^^ 

that could cause the weUbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements ^^g^-d 

10 specifically for the weD section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 
ope rational difficulties du ring the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

IS using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the weUbore will be 
filled with hardenable material. 

20 Once the annular region has been adequately filled with hardenable fluidic 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluididy isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fhiidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by introducing the plug or dart 974, or other 
similar device into the non h a r denab le fluidic material. In this manner, the 
amount of cured material within the interior of the tubular members 902 and 915 

30 is minimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 916 are extruded off of the mandrel 906. The mandrel 906 may 



40* 



be fixed or it may be expandable. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904, Duringthis extrusion process, the shoe 908 is preferably 
substantially stationary. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 9 18 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercial^ available devices for ptnggmg a fluid passage such as, 
for example, Multiple Stage Cementer (MSG) latch-down ping. Omega latch-down 
10 phtg or three- wiper latch down plug modified in accordance with the teachings of 
the present disclosure. Inaprefen^admrihodnnpnt, the ptagor dart 974 comprises 
aMSC latch-down plug available from Halliburton Enei^ Services in Dallas, TXL 
After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gallons/min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 
20 of the interior region 966 reaches approximate^ 600 to 9,000 pal In a preferred 
embodiment, the extrusion of the tubular members 902and915 off of the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gallonfrtniimte, 

During the extrusion process, the mandrel 906 may be raised out of the 
25 expanded portions of the tabular members 902 and 915 at rates ranging, for 
example, from about 0 to 5 ft/sec. Inaprefbrred embodiment, dxiring the extxusto 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 
30 permit ftill expansion of the tubular members 902 and 915 prior to curing of the 
hardenable fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion of the tubular member 
916 will preferably contact the interior surface of the lower end portion of the 
wiBting rflmig tn fnrm an fhiid tight overlapping joint. The contact pressure of the 
5 overlappingjomt may range, for ezauipk, torn approxiinately 60 to 20,000 psi In 
a preferred embodiment, the contact pressure of the overlapping joint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from approximately 400 to 1 0 ,000 psi in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resistance such that 
10 the tubularmember 915 and existing wellbore cashagwiU carry 
compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fhiidic material will be controllabry ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner, the 

15 sudden re lea se of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimized In a preferred 
embodiment, the operating pressure is reduced in a substantially li ne a r fashion 
from 100% to about 10% during the end of the extnision process begmnmg when 
the mandr el 906 baa completed approximately all but about the last 6 feet of the 

20 extrusion process. 

In an alternative preferred embodiment, the operatingpressure and/or flow 
rate of the hardenable fhiidic sealing material and/or the non hardenable fhiidic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimise shock. 

25 Alternatively, or in comhina tion, a shock absorber is provided in the support 

member 904 m order to absorb the shock cau^ 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the wellbore. In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity of the fhiidic seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubule 

of the existing casing is sat isfa ct ory, than the uncured portion of any of the 
5 hardenable flnidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. Ttw hardenable flnidic * g mater ial 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbore is then allowed to cure. 

Preferably my remaining cured hardenable flnidic sealing material within 
10 the interior erf the expanded tubular members 902 and 916 is then removed in a 
conven tion al m wT mer using a conventional drill string. The resulting new section 
of casing preferably inchides the 

outer annular layer of cured hardenable flnidic sealing mater i al The bottom 
portion of the apparatus 900 comprifring the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling method s 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 tern the interior ofthewellbore due 
to a malfunction. In this circumstance, a conventional drill string is used to drill 
out the interior sections of the apparatus 900 in order to fodlitate the removal of 

20 the remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 

25 sections of the mandrel 906 and shoe 908, including (me or moi* of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, 
the lubricator mandrel 946, the lubricator sleeve 948, the guide 9 50 , the housing 
954, the bo^r of cement 956, the sealing deeve 958, ami the extension tube 960, 
are selected to permit at least some of these components to be drilled out using 

30 conventional drilling methods and apparatus. In this manner, in the event of a 
mattmction downhole, the apparatus 900 may be easQy removed from the 
wellbore. 
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Referring now to Figs. 10a, 10b, 10c, lOd, 10e, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbare win now be described. As 
illustrated in Fig. 10a, a weDbore 1000 positioned in a subterranean formation 
1002 mrh^tef a first casing 1004 and a second casing 1006. 
5 The first casing 1004 preferably includes a tubular liner 1008 aiui a cement 

annuhis 1010. The second casing 1006 preferably incbides a tabular liner 1012 
and a cement annulua 1014. In a preferred embodiment, the second casing 1006 
is formed by expanding a tabular member substantially as described above with 
reference to Figs. l~9c or below with reference to Figs. lla~ll£ 

10 In a particularly preferred embodiment, an upper portion of the tabular 

liner 1012 overlaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

16 Referring to Fig. 10b, in order to create a tie4)ack liner that extends ftw 

the overlap between the first and second casings, 1 004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1180, a fluid passage 1136, one or more fluid passages 1140, seals 1146, and a 

20 support member 1150. 

Tha expandable mandrel or pig 1105 is coiipled to and supported by tte 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controUably expand in a radial direction. The erpsTidahle mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in accordance with the turnings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in VS. Pat. No. 5,348 ,095, the disclosure of which is 
incorporated herein by reference , modified in accordance with the teachings of the 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any nnmber of materials such as, for sample, Oilfield Country 
Tubular Goods, 13 chromium In apreferred embodiment, 

the tabular member 1110 is fabricated from Oilfield Ominfry TnKni^ 

The inner and outer diameters of the tubtilar member 1110 may range 
5 example, finm approximate 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1110 range from about S to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optimally provide coverage for typical oilfield raring sires The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodiment^ 

1110 is slotted, perforated; or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extxrurion of tubular member 1110. In a 
preferred embodiment , the length of the tabular member 1110 is limited to 
minimize the possibility of budding. For typical tubular member 1110 materials, 
15 the length oftbe tubular member 1110 is pref^ty limited to between about 40 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 1 116 includes the fluid passage 1135. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super Si^nfloat shoe, & 

with a sealing sleeve for a latch down phxg modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latchnlown 
plug with side ports radiating 
25 Energy Services in Dallas, TX, modified in accordance wto 

present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubular member 1100 and the casing 1012, optdmaltyfluidi<4y 
isolate the interior of the tubular member 1100 after the latch dcwn plug has 
seated, and optimally permit drilling out of the shoe 1116 after completion of the 
SO ftxpHTigion and cementing qpyr «t»ttn g 
In a preferred 

ports 1140 in fluids coinmunieation with the fluid passage 1135. In this manner, 
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the shoe 11 15 injects hardenable fluidic sealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart aridVor a ball sealing member. In this manner, the Quid passages 
5 1140canbes8aledoffby introduringa phig, dart and/or bafl realrng elements into 
the fluid passage 1130. 

Tbe cup seal 1120 ia coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 

10 1120 may comprise any number conventional commercially available cup seals 
such as, for example, TP cupe o r Selective Injection Packer (SIP) cupa modified in 
accordance with the teachings of the present disclosure. In a p re f erred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant* 

The fluid passage 1130 permits fhiidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position actfacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1180 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 pa in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits Ita 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fhrid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluididy isolated from the region exterior to the tubular 
member 1105. This permits the interior region of 
the expandable mandrel 1105 to be pressurised. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1116. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud or epoxics at flow rates and pressures ranging from 
about 0 to 3,000 gaQona/ininute and 0 to 9,000 psi in order to optimally fill the 
annular region between the tubule 

fluidic materials. In a preferred embodiment, the fluid passages 1140 indnde an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 

15 manner, the fluid passages 1140 can be sealed off try introducing a plug, dar t 
and/or bail sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1 1 00 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 

20 or other similar device, to permit the interior region of the tubular member 1 1 10 
to be fluidicly isolated from the exterior of the tubular member 1110. 

The seals 1 145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1 145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 

25 overlapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tabular member U10 to be fhiidic^y sealed 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber. Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a pr e fe rred 

30 embodiment, the seals 1145 comprise seals molded from Stratalock epoxy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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bydraijdte seal m the overlapping 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a piiffiriffTi t frirtional force to support the FTrumripd tubular member 1110 from the 
5 tubular liner 1008. In a preferred embodiment, the frictional force provided by the 
seals 1145 ranges from about 1.000 to 1,000,000 Ibf in tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1116, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into the weHbore 1000. In a pi e fe me d embodiment, the support 
member 1150 further includes one or more conventional centralism (not 
illustrated) to help stabilise the tubular member 1110. 

In a pr e f erre d embodiment, a quantity of lubricant 1 150 is provided in the 
15 annular region above the expandable mandrel 1106 within the interior of the 
tubular member 1110. In manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
fox example, Lubriplate, chlorine based hibricants or Climax 1500 Antiseize (3 100). 
20 In a preferred embodiment, the lubricant 1 150 comprises Climax 1500 Antiseize 
(3100) available from GUmax Lubricants and Equipment Co, in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1 150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the mtroduction of foreign material into the apparatus 1 100 is mmimiied. 
This Tw»tihr««Hi the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign mater ial 
interferes with the wpmrim mandrel 1105 during the extrusion process. 

In a particularly p re f erred embodiment, the apparatus 1100 in chkles a 
SO packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region of the welibore 1000 below the apparatus 1100. In this manner, fluidic 
materials are prevented from entering the region of the weUbore 1000 below the 



-48- 



apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a (billable cement retainer. In a preferred embodiment, the packer 
1 155 comprises an EZ Drill Packer available from Halliburton Ener^ 
5 Dallas, TX. In an alternative embodiment a high gel strength pill may be set 
below the tie-backinplaceofthe packer 1155. In a no ther alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the wellbore 1100, a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign materials ax* 

dog up the various flow passages and valves of the ap p arat us 1 100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1180 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 gallona/min, respectively. Inapreferred embodiment, t he materi al 1160 is pumped 
into the annular region at pressures and flow rates specifically designed for the 
casing sizes being run, the «Twmltt» spaces being fill— i y the pumping equipment 
available, and the p r op ert ie s of the fluid being pumped. The optimum flow rates 
and pressures are preferably calculated using conventional empirical methods. 

30 The hardenable fluidic sealing material 1 160 may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 



hardenab le fluidic sealing mat erial 1160 comprises blended cements specificaDy 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while ffiamtairririg optimum flow characteristics so as to minimise 
5 operational difficulties daring the displacement of cement in the annnlar region. 
The optimum blend of the blended omenta are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 
10 annular region will be filled with material 1160. 

As illustrated in Fig. lOd, once theannularregion has been ad 
with material 1160, one or more plugs 1166, or other similar devices, preferably 
are introduced into the fluid passages 1140 thereby fiuidicly isolating the interior 
region of the tubular member 1110 from the aimular region external to the tubular 
15 member 1110. In a preferred embodiments^ 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurixe. In a particularly preferred 
embodiment, the one or more plugs 1165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the non hardenable fluidic 
20 material In this manner, the amount of hardenable fluidic material within the 
interior of the tubule member 1110 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, the tabular member 1110 is extruded off of the erpandahte mandrel 
1105. During the extrusion process, the erpandahle mandrel 1105 is raised out of 
25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manne r. The plugs 1 165 may comprise airy number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
30 brass balls, phigs, rubber balls , or darts modi^ 
of the present disclosure. 
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In a p r e ferre d embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After placement of the plage 1165 in the fluid passages 1140, the non 
5 hardenable fluidic material 1161 is preferably pumped into the interior region of 
the tabular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 pai and 40 to 3,000 gallons/min. 
In a preferred rnnhodiTTimt, after placement ofthe plug 1165 in the fluid passages 
1140, the non hardenable fluidic material 1161 is preferably pumped into the 
10 interior region of the tubular member 1110 below the mandrel 1105 at pressures 
and flow rates ranging from approxim ately 1200 to 8500 psi and 40 to 1250 
gallonaAnin in order to optimally provide extrusion of typi ca l tubulars. 

For typical tubular members 1110, the extrusion of the tabular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tabular member 1110 below the mandrel 1105 reaches, for 
example, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to S500 psL 
20 Poring the axtrnmnn process, ggpaniUKU mandrel 1 1 flff mny bfr rahed 
out of the expa n de d portion of the tabular member 1110 at rates ranging, for 
example , from about 0 to 5 ft/sec. Ina prefeir e d embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1110 at rates ran 
25 provide permit adjustment of operational parameters, and optimally ensure t hat 
the extrusion process wfll be annpkted before the material U60cu^ 

In a preferred embodiment, at least a portion 1180 of the tabular member 
1110 baa an internal diameter less than the outside diameter of the mandrel 1105. 
In this manner, when the mandrel UPS expands the section 1180 of the tabular 
30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the wellbore casing 101i Inaparticular fr p r efe rr e d embodiment, the seal 
is effected by compressing the seals 1016 between the expanded section 1180 and 
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the weDbore casing 1012. In a pref er red rmhoriimpnt, the contact pressure of the 
joint between the expanded section 1180 of the tabular member 1110 and the 
casing 1012 ranges from about 600 to 10 9 000 pd in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal r es is tance to 
5 ensure that the joint will withstand typical extremes of tensfle and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an interxwl diameter less than the out^ 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
e mbodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 600 to 10,000 psi 
in order to optimally provide pressure to activate the aealmg members 1145 and 
15 provide optimal rari ftt»n*« ♦*> »njpire that the joint will withstand typical ciiremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110, In this manner, the 
20 mdden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minhnhyd In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion from 1(K>% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately all but about 5 feet of the extr usi on process. 
Alternatively,cxin<»mbirat^ 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubularmemb^ mo in order to catch or at least 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the weDbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1 105, 
the integrity of the fluidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular finer 1108 is tested 
using conventional methods. If the fluidic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
expanded tabular member lllOis then removed in a conventional manner. The 
10 material 1160 within tteanm 

the tubular Knar 1008 is then allowed to cure. 

As illustrated in Kg. lQt, preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resultingtie-back liner 
15 of casing 1170 includes the frrpaTKied tubular member 1110 and an outer annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. 10g f the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using g n n re ntiAimi drilling method s. 
20 In a particularly preferred embodiment, the apparatus 1100 incorporates 
the apparatus 900. 

Referring now to Figs, lla-llf, an embodiment of an apparatus and method 
for hanging a tubular liner off of an existing wellbore casing will now be described. 
As illustrated in Kg. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wellbore 1200 includes an exists 

a tubular casing 1215 and an wnnnlar outer layer of cement 1220. 

In order to extend the weDbore 1200 into the subtemnean formation 1206, 
a drill string 1225 is used in a well known ™mn»r to drill out material from the 
subterranean formation 1205 to form anew Bection 1280. 
30 As illustrated in Kg. lib, an apparatus 1800 tefinTning a wellbore casing 
in a subterranean formation is then positioned in the new section 1280 of the 
wellbore 100. The apparatus 1300 preferably inchtdes an expandable mandr el or 
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pig 1305. a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 

1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controilably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expendable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment , **** pgpnTiriah lg mandrel 1305 comprises a hydraulic ex p ansi o n tool 

10 substantially as disclosed in UJS. Pat No. 5,348,095, the disclosure of which is 
incorporated herein by referee 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range, for 

20 example, from approximately 0.75 to 47 inches and 1 .05 to 48 inches, respectively. 
In a preferred einbodiment, the inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optinially provide minmisl telescoping effect in the most commonly encountered 
wellbore sizes, 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diameter of the upper portion 
1355 of the tubular member 1310 range from about 31/8 to IViinches and 3 Vito 
16 inches, respectively. In a preferred embodiment, the wall thickness and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 indies, respectively. In a prefer red 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from about 3/8 to 1.5 indies and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section i860 of the tubular member 1310 is less than or equal to the 
5 wall thickness, of the upper and lower sections, 1355 and 1365, of the tubular 
member 13 10 in order to optimally fecfliatc the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tabular member 1310 preferably comprises a solid member. In a 
10 p re fe rred embodiment, the upper end portion 1355 of the tabular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular -member 1310. In a preferred 
embodiment, the length of the tabular member 1310 is limited to minimise the 
possibility of buckling. For typical tubular member 13 10 materials, the length of 
15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length 

The shoe 1315 is coupled to the tabular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal U float shoe, Super Seal II Down-Jet float shoe or guide ihoe with a 
sealing sleeve for a latch-down ptnffmnriHW m accordance wit* teachings ^f 
the present disclosure. In a pref err e d embodiment, the shoe 1315 comprises an 
ahimmiim down-jet guide shoe withaa^lingBlaeveferalati^fiwnplngjtv nilflh l<» 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings of thepresent disclosure, in order to optimally gnide the tubular member 
1310 into the wellbore 1200, optimally fluidity isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1315 upon 
the completion of the extrusion and i ^ mm ^VQ operations. 

In a preferred embodiment, the ahoe 1315 further inchides one or more side 

30 outlet ports in fluidic oomTTninimHon with the fluid isan Tn this manner, 

the ahoe 1315 preferably iqjecta h*rA*n abb fl"^ «ooKn g »n»*»T fa| fato thft r^tm 
outside the shoe 1315 and tubular member 1310* In a preferred embodiment, t h e 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the e xp a n dable 
mandrel 1805. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 
10 expandable mandrel 1305. The fluid passage 1320 is jHeferably positioned alcmg 
a centexiine of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallonafoinnte and 0 to 9,000 pst in order 
to optimally provide sufficient operating pressures to circulate fluids at 
15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 13 10 below 
20 the expandable mandrel 1305. The fluid passage 1330 preferably has a crosa- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block farther passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 
25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerHne of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at 
30 to 3,000 ganona/minute and 0 to 9,000 pai in order to optimalry fill the annular 
regirabetween the tubular m 

1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball g^ifag member . 
In this manner, the fluid passage 1330 can be sealed offi^ introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
p o si t ion e d substantially along the centeriine of the apparatus 1300. The fluid 
passage 1335 is preferably se le cted to convey materials such as cement, drilling 

10 mud or epoxide at flow rates and pleasures ranging from about 0 to 3,000 
gaDonafaihrote *nd 0 to 9,000 psi in order to optimally fill the annular region 
between the tubular member 1310 and the new section 1230 of the weDbore 1200 
with fluidic materials 

The seals 1340 are coupled to and supported by the upper end portion 1855 

15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion ofthe casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluidicjy sealed. The 
seals 1340 may comprise any number of conventional commeraafy 

20 such as, for example, lead, rubber, Teflon, orepoxy seals modified in accordance 
with the teachings of the present disclosure- In a preferred embodiment, the seals 
1340 comprise seals molded from Btratalock epaxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal in the 
annuhis of the overlapping joint while also creating optimal load bearing capability 

25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
a sufficien t firictional farce to support the «wp«md«»i tubular member 1310 ir on* tto» 
existing casing 1215. In a p referred embodiment, the frictionalforro provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 

30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an member having roffiripnt strength to cany the 

apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1346 further includes one or more conventional 
centralixers (not illustrated) to help stabilize the tubular me mber 1310. 
5 Inapreferredembwiiment, the support member 1^ 
prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the iiitroduction of foreign material into the apparatus 1300 is minimized. 
This ™«™~« the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure that no foreign material 
10 interferes with the expansion process. 

The wiper phig 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper phigs such as, for 
15 example, Multiple Stage Cementer latch-down phigs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper plug 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 
20 attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
within the new section 1230 of the wellbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material Interferes with the 
extrusion process. 

As illustrated in Fig. 11c, a hardenable fluidic sealing material 1380 is then 
pumped from a suxfoce location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fmiri pnswge 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes fami the mterior region 137fl into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 viathe 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tabular member 13 10 and the interior waS of the new aectra 
1200. Continued pumping of the material 1380 canses the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for emmpto, from about 0 to 5000 psi and 0 to 
1,500 gallona/min, reapectivery. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,500 gnTlonflAmn, respectively, order to optimally 

10 fiU the annular region between the ta 

of the weUbare 1200 with the hardenaMe fluidic sealing material 1380. 

The hardenahle fluidic sealing material 1380 may comprise any number of 
conventional **wimMw* n*ifr Avaii^M** ha rdenaMe flvvtic Tnntiwfoi ft s uch as F 
for arample, slag mix, cement or epoxy. In a preferred embodiment, the 

15 hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the wefl section being drilled a^ 

Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the annular region 1390. The optimum blend 
of the is preferably determined using conventional em pirical methods. 

20 The annular region 1390 preferably is filled with the material 1380 in 
sufficient quantities enmi*» th*t npm radial «rp*nmm of the ^K^rTp^^ 
1310, the annular region 1390 of the new secticm 1230 of the wellbore 1200 will be 
filled with material 1380. 

As illustrated in Fig. lid, once the armular region 1390 has been adequately 

25 filled with material 1380, a wiper dart 1895, or other similar device, fa introduced 
into the fluid passage 1320. Th* wiper dart 1395 fa preferabry pumped through the 
fluid passage 1320 by a nonhardenabk fluidic material 1381. The wiper dart 1395 
then preferahly engages the wiper plug 1350. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiper plug 1350 causes the wiper plug 1360 to decouple 
from the mandrel 1305. Thewiperdart 1395 and wiper plug 1350 then preferabry 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and fluidity icnlfltiwg the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the mm 
hardenable fiuidie material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurise. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, thoexpand^lexnandrBl 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 ifi preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1895 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commerdalty a 

for ex ample , Multiple Stage fW«"fr«- latch-down plugs, Omeg a latc h- down phifta 
or three wiper latch-down phig/dart modified in accordance with the t e a chings of 

15 the present disclosure. In a preferred embodiment, t^ 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services m Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 

20 dart 1395, the nan hardenable fiuidie material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 pal and 0 to 1,500 gallons/mm in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fiuidie material within the interior of the tubular member 

25 lSlOiamlnimixed 

In a prrfftrn^ tmV""™^, »ft«r M«*mg the fluid passage 1330. the non 
hardenable fi Jffic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates rangm^ 

40 to 3,000 gaUons/min in order to optimally provide operating pressures to 
30 maintain the rrpsTtsinn process at rates sufficient to permit adjustments to be 
made in ormry^g pa**™**"* during the grtrnskm process. 



-60- 



For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 600 to 9,000 psL In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a ftmction of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of lubricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional empirical methods. 
10 Poring the extrusion process, the expandable mandrel 1305 may be raised 
out of the expanded portion of the tubular member 1310 at rates ranging; for 
example, from about 0 to 5 ft/sec. In apreferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised out of the expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1810 is extruded 
off of the expandable mandrel 1805, the outer surface of the upper end portion 
20 1355 afthe tabular member iaio wfli p™f*r»M y ^r. t«*»+ thf> ™t*rfor surface of the 
lower end portion of the casing 1215 to form an fluid tight overlapping joint Hie 
contact pressure of the overlapping Joint may range, for example, from 
app roxim a tely SO to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimally provide contact pressure suflBdent to ensure annular aealingand provide 
enough r esis t ance to withstand typical tensile and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure an 
adequate fhridic and gaseous seal in the overlapping joint 

In a preferred embodiment, the operating pressure and flow rate o f the non 
30 hardenablefluidicmaterial 1381 isoontrullah^rampeddownwfaen the ^^n^^ 
mandrel 1305 nachea the ^ 

In this manner, the sudden release of pressure caused by the complete extrusion 
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of the ftifr"**"* member 1310 off of the expandable mandrel 1306 can be minimized. 
In a preferred embodiment, the operating pressure is reduced in a substan t i ally 
linear fashion from 100% to about 10% during the end of the extrusion process 
be ginning when the mandrel 1305 has completed approximately all but about 5 
6 feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alter nati vely, or in combination, a mandrel catching structure is provided 

10 in the upper end portion 1355 of the 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
removed from the wellbare 1200. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 

15 overlapping joint between the upper portion 1 355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1 355 of the tubular 
member 1310 andthelower portion of the casing m 

uncured portion of the material 1380 within the expanded tubular member 1310 
20 ig Xhm m™*™* fa « r^Trgmtjonal manner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material. 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1 400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1316 may then be removedby drilling out the shoe 1315 using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation has been described that m 

in the borehole. A body of fluidic material is then iirjeeted into the borehofc. The 
tubular liner is then radially expanded by extruding the liner off of the mandrel 



Hie injecting preferably includes injecting a hardenable fiuidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hardenable ftrcfrtic material into an interior region of the 
tabular liner below the mandrel The method preferably includes fluididy 
5 isolating the anmilflr region from the interior region before injecting the second 
quantity of the non hardenable sealing material into the interior region. The 
injecting the hardftnnhle fiuidic sealing material is preferably provided at 
operating pressures and flow rates ranging from abcwtO to 6000 psi and 0 to 1^ 
gaSonsteun. The injecting of the non hardenable fhiidic material is preferably 
10 provided at operatingpresBum 

and 40 to 3,000 gaDonaAnin rhmhfrttingnfihm M fiuidic material 
is preferahfr provided at rectal 

portion of the extruding. The mm hardenable flattie material is preferably 
injected below the mandreL The method preferabry indudesp 
16 of the tabular liner below the mandreL The region of the tabular liner below the 
mandrel is preferably pressurized to pressures ranging from about 500 to 9,000 psi. 
The method preferabfriiichu^ 

liner from an exterior region of the tubular liner. The method further preferably 
i n ri u de s curing the hardenable sealing material, and removing at least a portion 

20 of the cured sealing material kxsated within the tn^ The method further 

preferably includes overlapping the tubular liner with an existing waHbore casing 
The method further preferably includes sealing the overlap hetm*m the tubular 
liner and the existing weUbore casing. The method further preferably includes 
supporting the extruded tabular liner using the overlap with the existing wellbore 

26 casing. The method further prefOTbhy includes testing the in tegri 

the overlap between the tabular liner and the existing wellbore casing. The 
method further prefer 

fl u i riir flpfllmg material within the tubular liner before curing. Tie method further 
preferably includes Indicating the surface of the mandreL The method farther 
30 preferably in c lude s absorbing shock. The method further preferably includes 
catching the mandrel nprm tha wMwpiot j pn of the extruding. 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and irxcrudes a secorid fluid passage. 

5 Tbe tubular member is coupled to the 

liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably farther includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 

10 absorber. The s u ppor t rnember preferably inr^ 
adapted to prevent foreign materia 

member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated frra 

Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 

16 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3-6 to 16 inches, respectively. The tubular member preferably 
has a plastic yieU point raiigii^ The tubular 

member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 

20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandreL The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
b locking the inlet port The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 

25 first tubular member h 

the second tubular member, has been described that includes p os it i on in g a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tabular members in an overlapping relationship, pressu ri si ng a 
portion of the interior region of the second tubular member, and extruding the 

30 second tubular member off of the mandrdrnto engagement wi 

member. The pressuriring of the portion of the interior region of the second 
tubular member is preferably Provided at operating pressures ranging from about 
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600 to 9,000 psL The pressurising of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. Tl» method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the ggtrrafctf firwfr tabula r mmW using 
the overlap with the second tabular member. The method further preferably 
includes lubricating the surface of the mandrel The method farther preferably 
i nc ludes a b sor bing shock 

A liner for use in creatinganew section of wellbore castaginasubterranean 
10 formation adjacent to an already existing section of weQbore casing has been 
described that includes an annular member. The annular member includes on e or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular body of a cured ffuldic sealing material The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The tubular liner iff 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured ftaidic sealing material is preferabry formed by the 
20 process of injecting a bocry of hardenable flpidic sealing material into an ^l fl r 
region external of the tubular liner. During the pressurizing, the interior portion 
of the tubular lmer is preferabry fhn 

tubular liner. The interior portion of the tubular hner is preferably pressurized 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 
25 overlaps with an existing wellbore casing. The wellbore casing preferably further 
includes a seal position 

wellbore casing. Tubular liner is preferabry supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
SO borehole has been described th«t hw4nd«« in^ii^g B tnhnlnr liner and n mandrel 
withm the wellboro casing, 

pressurising a portion of an interior region of the tubular liner, and radially 
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expanding the liner in the borehole by extruding the liner off of the mandreL In 
a preferred embodiment, the fluidic material is selected fawn the group consisting 
of sla g mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluididy isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the bo&j of fluidic material is prodded at op 

rates ranging from about 600 to 9,000 psi and 40 to 3,000 gallona/min. In a 
preferred embodiment, the injecting of the body of fhoidk material is provided at 
reduced oppfflt^ff p™*"* 1 "** and flow rates during an end portion of the extruding. 
10 In a preferred embodiment, the fluidic material is injected below the mandreL In 
a preferred embodiment, a region of the tubular Hner below the mandrel is 
pressurised. In a preferred emhortimpnt, the regton of the tabular liner bekwr^ 
mandrel is pressurized to pressures ranging from about 500 to 9,000 psL In a 
preferred embodiment, the method further includes overlapping the tubular liner 
15 with the «^ffH«g wrilhmft casing. In a preferred embodiment, the method farther 
includes sealing the interface between the tubular liner and tte 
casing. In a preferred embodiment, the method farther inctades support^ 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method farther indudes testing 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method farther includes lubricating the surface of the 
mandr el In a preferred embodiment, the method farther includes absorbing 
shock. In a preferred einbodiment, the method farther includes catching the 
mandr el upon the completion of the extruding. In a preferred embodiment, the 
26 method farther includes expanding the maxidrel in a radial direction. 

A tie-back Hner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidk sealing 
material TbBtubularbwisfiOTnedbytte 
off of a mandrel The annular bod^ of a aired fhi^ 
30 to the tubular liner. In a preferred embodiment, the tubule 

process of placing the tubular liner and mandrel within the wellbore, and 
pressurising an interior portion of the tubular Hner. In a preferred embodiment, 
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from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner ia pressurized at pressures ra^ging^mabou^ 
500 to 9,000 psL Inapreferr^embodinient, theanmil^ 
5 sealing material is formed by the prooega of injecting a hody «f H*rt*An ff fhridic 
sealing material into an liTinnlar region between the fritting wellbore casing and 
the tubular liner. In a p refer red embodiment, the tubular liner overlaps with 
another existing weHbore casing. In a preferred «m>wii™«»nt y thft tie-back liner 
ftirther includes a seal positioned in the overly brtween the tubuiaxlhwand^ 

10 other existing weDbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing weHbore casing. 

An apparatus for expanding a tabular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. Hie 
support member i ncl ud es a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandreL 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel Includes a tubular member and a load be aring 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the exterior portion of the mandrel ^rrprifffB an expansion cone. 
Prefenibty, the expansion ro M 

consisting of tool steel, titanium, and ceramic Prefarahfr, the expansion cone has 
a surfece hardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

A l tho u gh illustrative embodiments of the invention have been shown and 
de sc ri bed, a wide range of modifi ca tion , changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corre^onding use of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation? 'j 1 1 wn g * 

3 installing a tubular liner and a mandrel in the borehole; 

4 injecting fluidic material into the borehole; 

5 pressurizing a portion of an interior region of the tubular liner, and 

6 radially eipanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandrel 

12. A method of creating a casing in a borehole located in a section of a 
2 subterranean formation, the borehole having an already existing casing, 

4 drilling out a new section of the borehole adjacent to the already existing 

5 ca sings 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 Ouidiclyiaolatingthe annular regkmbetwem the tubular liner and the new 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a mm hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 grtniiimg the tuhnlar lhmr off of the *» p!ndfflWft inirw d rel^ 

17 sealing the overlap between the tabular liner and the already existing 

18 casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the bo rehole; 



22 testing the integrity of the seal of the overlap between the tubular liner and 

23 the already existing casing; 

24 removing at least a portion of the hardenable fluidic sealing material from 

25 the interior of the tubular liner; 

26 curing the remaining portions of the fluidic hardenable fluidic sealing 

27 material; and 

28 removing at liiant a portion of the cured fluidic hardenable sealing inaterial 

29 within the tubular liner. 

1 3. An apparatus for expanding a tubular member, comprising: 

2 a suppo r t member, the support maniber i n cluding a fl^flnid passage; 

3 a mandr el coupled to the support member, the mandrel i n clud i n g: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to tb* tubular 

7 wherein the first, second and third fluid passages axe operably » 

1 4. An apparatus for expanding a tubular member- comprising: 

2 a support member, the support member including: 

3 a first fluid passage; 

4 a second fluid passage ; and 

5 a flow control valve coupled to the first and second fluid passages; 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel frrhidmg a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandrel, the tubular meirt 

10 one or more sealing dements; 

11 a shoe coupled to the tubular inember, the shoe mchidinff 

12 a fourth fluid passage coupled to the third fhiU passage, the fourth 

13 fl uid passage adapted to receive a stop member, and 

14 one or more exhaust passages coupled to the fourth fluid passage for 

15 injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the su ppor t member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tulmlar member. 

1 5. A method of joining a secoiidtuta 

2 first tubular member having an mner diameter greater than an outer diameter of 

3 the second tabular member, comprising: 

4 positioning a mandrel within an interior region of the second tubolar 

5 member; 

6 pressurizing a portfo^ 

7 and 

8 extruding the second tubular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner , comprising: 

2 an annular member, the annular member including: 

3 one or more sealing members at an end portion of the annu l ar 

4 member; and 

5 one or more pressure relief passages at an end portion of the annular 
8 member. 

1 7. A weUbore casing, comprising: 

2 a tubular liner, the tubular liner fonned b^ 

3 extruding the tubular liner off of a mand rel; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for lining an existing weUbore ram^ comprising: 

2 a tubular liner, the tubular Kner formed by the process of: 

3 extruding at least a portion 

4 an annular body of a cured flnidlc sealing material rrmplH fr> th» frVhnlnr 

6 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 o mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drfllable; 

8 an expandible tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the ahoe is drillable. 
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